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EXTENDED PRECISION SOFTWARE PACKAGES

INTRODUCTION

This document contains a description of three Extended Precision Packages
along with three small conversion subroutines which can be used in conjunction
with the Extended Precision Packages. The Extended Precision Packages were

‘given to Goddard Space Flight Center by Mr. Thomas Kreifelts, Gesellschaft

- fur Mathematik und Datenverarbeitung MBH Bonn, Germany, under an exchange
agreement with Dr. C. E. Velez, Code 552 GSFC. The conversion programs
were written by Dr. Paul Beaudet, Computer Science Corporation.

Modifications were made to the Extended Precision Packages along with
benchmark tests under varying conditions by Computing and Software, Inc., per-
sonnel. These Extended Precision Packages are available in the GSFC library.

These Extended Precision Packages are software packages and make no use
of Extended Precision Hardware. They are written in FORTRAN IV and they
will run under 360/0S.

The three Extended Precision Packages are:

1. FLOP-PACKAGE — Normalized floating point arithmetic with symmetric
rounding and arbitrary mantissa lengths.

2. VOP-PACKAGE — Unnormalized floating-point arithmetic with symmetric
rounding and arbitrary mantissa lengths.

3. SFLOP-PACKAGE — Normalized floating-point interval arithmetic with
appropriate rounding. '

(1)

(Reference Moore for complete description of Interval Arithmetic.)

The purpose of an Extended Precision Package is to enable the user to use
and manipulate numbers with large decimal places as well as those with small
decimal places where precision beyond double precision is required; i.e., .

Pi (m) calculated to 96 decimal places can be used in all three packages. = =
3.14159, 26535, 89793, 23846, 2643, 38327, 95028, 84197, 16939, 93751,
05820, 97494, 45923, 07816, 40628, 62087, 98628, 03482, 53421, 170.(2)

Extended Precision numbers give more accurate results than double preci-
sion numbers because of the magnitude of the numbers.



The magnitude of the standard 64 bit (double precision) number is 0 or 16-5
(approximately 10-78) through 16-%3 (approximately 10-">).(3) The precision of
a double precision number is 14 hexadecimal digits (approximately 16.8 decimal
digits).

The magnitude of a 32 bit fixed point number (integer constant) is 214748
3647 (i.e., 231-1).

The magnitude for an extended precision variable 10765336 to 1095563, The
precision for an extended precision number is:

FLOP-PACKAGE - Infinite decimal digits
VOP-PACKAGE — 96 decimal digits
SFLOP-PACKAGE — 97 decimal digits

(In all three packages the decimal exponent cannot exceed 65536 in absolute
value.) ‘

The three conversion subroutines used with these packages are:"

1. EQUAL — Converts a double precision variable into an extended preci-
sion variable array.

2. IEQUAL — Converts an integer into an extended precision variable array.

3. DEQUAL — Converts an extended precision variable array into a double
precision word.

A detailed description of the three packages and the conversion subroutine
follows.

FLOP-PACKAGE

I. LANGUAGE:
Fortran IV Level G or Level H
II. PURPOSE:
The objective is to perform arithmetic operations with precision numbers

using normalized-floating-point arithmetic with symmetric rounding and arbi-
trary mantissa lengths.



III. METHOD:

A, FLOP - numbers are represented by one dimensional arrays of short
(16 bits) integers.

A 2IA (L +3)

where L is the mantissa length of A. The representation is such that
the following equation holds

IAQ2)
A =TA(1) - 10O . Z IA(j) - 1037
i=4
IA(1) = sign(A), +1 positive, -1 negative
IA2Q)=L+3
IA(3) = decimal exponent of A (positive or negative)

TA(4) - IA(L + 3) = mantissa of A

Sign Length Decimal Exponent Mantissa

IA(1) IA(2) 1A(3) IA(4) - TA(L + 3)
EXAMPLE:

3.141592653589793 in extended precision form is

1|19|1|3|1]|4|1l5|9|2]6|5{3|5|8]9|7]|9|3| = . 3141592653589793 x 10!

-65535.15778895432 is represented as

-1{19(5|6{5|5{3|5|1|5|7|7|8|8|9]5]4|3|2| = -. 655351778895432 x 10°

.2345 x 103=|1|7[-3|2[3[4|5|=.0002345

.2345x 100 =| 1| 7| 0] 2| 3|4]|5|=.2345

FLOP uses an unlabelled comman of length INTEGER (2L - 1) where L
is the maximum mantissa length.

FLOP uses normalized floating point arithmetic. The representation
of a non-zero number is normalized if the first (high order) hexadecimal



digit of its mantissa (fraction) is not zero. The process of normaliza-
tion consists of shifting the mantissa (fraction) left until the high order
hexadecimal digit is nonzero and reducing the characteristic by the
number of hexadecimal digits shifted.

FLOP uses what is termed post normalization. That is to say the input
values may or may not be normalized but after the arithmetic opera-
tions are performed, normalization will occur. If normalization is
needed, after shifting the mantissa left to obtain a nonzero digit in the
high order byte, the right is padded with zeros to maintain the mantissa

length.
A zero fraction (mantissa) can not be normalized. The arithmetic op-
erations performed in the FLOP package are addition, subtraction,

multiplication and division.

Interface Information

1. Subroutines which are available for the user: FLADD, FLSUB,
FLMUL, FLDIV, FLOUT, FUMSP

2. Internal subprograms not to be called by the user: FCHECK (sub-
routine) IFDIA, IFLADI

Calling Sequence:

IA, IB and IC are FLOP numbers where IA and IB are inputs, IC is
output.

CALL FLADD (IA, IB, IC)  IC:=IA + IB (addition)
CALL F1SUB (IA, IB, IC) IC: = IA - IB (subtraction)
CALL FLMUL (IA, IB, IC)  IC:=IA * IB (multiplication)
CALL FLDIV (IA, IB, IC) IC: = IA/IB (division)

CALL FUMSP (IA, IC) IC:=IA

CALL FLOUT (IC) IC is printed

i.e., fIC=|1]10(22|5|7|6|5|4|3|2}it is printed out as:

(E.2) . 25765432



C. Mathematics Used in FLOP Package

1. CALL FLADD (IA, IB, IC) IC:=1IA+1IB

2. CALL FISUB (IA, IB, IC) IB(1) = -IB(1)
IC:=TA+1IB

3. CALL FLMUL (IA, IB, IC) IC:=1IA *IB

4. CALL FLDIV (IA, IB, IC) IC: =IA/IB

IV. ERROR MESSAGES:

"UNEQUAL LENGTHS" — The mantissa lengths of two operands are not
equal. They are made equal by assigning the length of the shortest mantissa to
that of the largest mantissa length. Operation continue.

"ZERO DIVISOR" — Divisor is zero. No division takes place. Program
continues.

V . RESTRICTIONS

1. Any combination of subroutine arguments may be identical with the ex~-
ception of CALL FISUB (IX, IX, IZ). This results in 1Z: = -2 * IX,

2. There is no check for underflow or overflow. If a decimal exponent ex-
ceeds 65536 in absolute value during computations, results may be in error.

See Appendix for examples of test cases and further restrictions.

VOP-PACKAGE

I. LANGUAGE:

Fortran IV Level G and Level H

II. PURPOSE:

The purpose of the VOP-Package is to perform arithmetic operations on ex-
tended precision numbers using unnormalized floating-point arithmetic.



III. METHOD:

A. VOP numbers are represented by one dimensional arrays of short (16
bits) integers.

AZ2IA(L+3)

where L is the mantissa (fraction) length of A. The representation is
such that the following equation holds

A 1AQ2)
A =IA(1) » 101403 Z IA(j) » 1037
. =4
IA(1) = sign(A), +1 = positive, -1 = negative

IA(2) = L + 3 (mantissa length plus 3; add 1 for sign field, 1 for length
field, and 1 for decimal exponent field = 3)

IA(3) = decimal exponent of A

IA(4) - IA(L + 3) = mantissa of A.

Sign Length Decimal Exponent - Mantissa
IA(1) IA(2) IA(3) IA(4) - IA(L + 3)

The arithmetic operations performed are addition, subtraction, multi-
plication, division, inversion.

B. Interface Information

Subroutines used in VOP-Package are: VADD, VSUB, VMULT, VDIV,
VINV, VIMAL, VQTI, VUMSP, VLOUT, VCHECK, IVDIA, VNORM,
VASUM

Calling Sequence:

IA, IB and IC are VOP numbers where IA and IB are inputs, IC is
output.

CALL VADD (IA, IB, IC) IC: = IA + IB (addition)

CALL VSUB (IA, IB, IC) IC: = IA - IB (subtraction)



Caution: VSUB (IA, IA, IC) doesn't give zero'(ﬂ) siﬁce it uses the sub-
routine VADD it gives -2 * IA, '

CALL VMULT (IA, IB, IC) IC: = IA * IB (multiplication)

CALL VDIV (IA, IB, IC) IC: = IA/IB (division)
CALL VINV (IA, IC) IC: = %= IA! (inversion)

(Done by an iterative procedure)

CALL VIMAL (K, IA, IC) IC: =K * IA, K-integer * 2
(multiplication)
CALL VQTI (M, N, L, IC) IC: = (M/N), M, N INTEGER * 2
L = Mantissa length + 3 L - 3 is the mantissa length
up to which the fraction of
IC is output : M/N is computed. if 107

< M/N. If 107! > M/N
normalization takes place
and the resulting mantissa
lengths will be smaller.
CALL VUMSP (IA, IC) IC: = 1A
CALL VLOUT (IC) IC is printed
i.e., 100.000 equals (E.3) .100000

Mathematics Used in VOP-Package

1. CALL VADD (IA, IB, IC) IC: = IA + IB
2. CALL VSUB (IA, IB, IC) IB(1) = -IB(3)

- IC: = IA + IB
3. CALL VMULT (IA, IB, IC)  IC:=1IA *IB
4. CALL VINV (IB, IC) IC = % or IB™!
5. CALL VDIV (14, IB, IC) IC = IA * ’f%



6. CALL VQTI (M, N, L, IC) IC = M/N

7. CALL VIMAL (K, IA, IC) IC=K *IA

IV. RESTRICTIONS
1. Maximum mantissa length is 96.

2. Storage reservation for VOP numbers should be at least one short integer
bigger than actually needed.

i.e., for computations with 10-digit-mantissa, the dimensions for VOP
numbers should be at least:

INTEGER * 2 IA(14), IB(14)

3. The subroutine arguments should be different (otherwise incorrect re-
sults may occur).

4. There is no check for underflow or overflow. If a decimal exponent ex-
ceeds 65536 in absolute value during computations, results may be in error.

5. If an extended precision number is of the form .003 or . 0055 where the
fractional portion of the number is zero when trying to divide, an interrupt will
occur because of the zero fraction portion. Therefore avoid the use of zero
fractions.

i.e., instead of [ 1] 6]0]0] 0[5]=.005
use|1]6[-2]5|00]=.005=.5x 1072

See Appendix for examples of test cases and further restrictions.

SFLOP-PACKAGE

I. LANGUAGE:

Fortran IV Level G or Level H



II. PURPOSE:

The SFLOP Package is used to perform arithmetic operations on extended
precision numbers using normalized floating point interval arithmetic with sym-
metric rounding and arbitrary mantissa lengths. ‘

III. METHOD:

A. SFLOP numbers are represented by one dimensional arrays of short
(16 bits) integers.

A = (1A, Al) = IA(2L + 5)
where L is the mantissa length of |A and Aj.
In Detail:
IA(1) = sign ((A); £1 (+1 positive, -1 negative)
IA(2) = sign (A}); 1 (+1 positive, -1 negative)
IA(3) = L + 3 mantissa length of each (A, Aj +3
1A(4) = decimali'exponent of A
IA(5) = decimal exponent of Aj
IA(6) - IA(L + 5) = mantissa of |A

IA(L + 6) - IA(2L + 5) = mantissa of A,

. . Decimal | Decimal . S,
Sign | Sign Mantissa | Mantissa

A A Length | Exponent | Exponent A A

1£ ' 2| A N I_v Al
IA(6) - | IA(L + 6)
IA(1) | IA(2) | IA(3) IA(4) IA(5) IA(L + 5) | TAQ2L + 5)

Example: (317.45, - 405.50) is represented by:
11-118|3}13[3|1]7]4}5]|410(5]5]0

SFLOP uses an unlabeled common of length 600.




SFLOP numbers work on the same order as complex numbers where the
real and imaginary parts of a complex number have to occupy the same

- amount of storage space so does the left and right mantissas of a SFLOP
number. The left mantissa of a SFLOP number say [IA would be equiv-
alent to the real part of a complex constant; the right mantissa IAj
would be equivalent to the imaginary portion of the complex constant.

Interface Information

Operations with interval numbers are accomplished by the following
subroutines: IA, IB, IC are SFLOP numbers. IA and IB are inputs,
IC is output.

CALL SFLADD (IA, IB, IC)  IC: =IA + IB (addition)

CALL SFLNEG (IA, IC) IC: = -IA (negation)

(Negates IA but also interchanges left and right mantissas)
CALL SFLMUL (IA, IB, IC) IC: = IA * IB (multiplication)
CALL SFLDIV (IA, IB, IC) IC: = IA/IB (division)

CALL SFLABS (IA, IC) IC: = |1A| (absolute value)

CALL SFLSEC (IA, IB, IC) IC: =IA N IB (intersection)
= (MAX(IA, IB), MIN(IA, IB))

CALL SFUMSP (IA, IC) IC: = IA
CALL SFLOUT (IC) IC is printed

(sign) (E.XX) mantissa of IC
(sign) (E.XX) mantissa of ICI

With the subroutine SUMSP one can convert the upper or lower bound
of a SFLOP - interval number into a FLOP - format number and vice

versa.

CALL SUMSP (ISA, IA, K, M) 1. IA: =ISAifK=1, M=1

ISA is a SFLOP number 2. JA: =ISAifK=1, M=2
IA is a FLOP number 3.,ISA=TAifK=2, M=1
K, M INTEGER * 2 4, ISA: =TAifK=2, M=2

10



In case 1 the upper bound of a SFLOP number is converted to a FLOP
number.

In case 2 the lower bound of a SFLOP number is converted to a FLOP
number.

In case 3 a FLOP number is converted to the upper bound of a SFLOP
number.

In case 4 a FLOP number is converted to the lower bound of a SFLOP
number.

When calling the various subroutines all parameters passed must be
short integers.

Example: CALL SUMSP(IA, IC, 1, 1) would produce an incorrect
answer and possibly an imprecise intercept because SUMSP is expect-
ing short (16 bits) integers and 1 is considered by default to be long
(32 bits). Therefore one should use something of the following form:

Li=1
L2=2

CALL SUMSP(IA, IC, L1, L2) where IA is a SFLOP number, IC is a
FLOP number.

The below subprograms are for internal use only.
SADD - Called by SFLADD to perform addition
SMUL - Called by SFLMUL to perform multiplication
SDIV - Called by SFLDIV to perform division
SCHECK - Called by SADD, SMUL, SDIV

SNULL - Called by SADD, SMUL (Return a value of 1 if mantissa zero,
2 if mantissa nonzero)

SVUMSP - Called by SADD (Assigns a FLOP or VOP number into an
output array)

ISFDIA - Called by SMUL (performs actual multiplication)

ISFLAD - Called by SDIV (performs actual division)

11



C. Mathematics Used in SFLOP Package

1. CALL SFLADD (IA, IB, IC)
(1a) If high order byte of left mantissa ({IA) < 0 then IC = |IB

If high order byte of left mantissa ((IA) > 0 and high order
byte of left mantissa {IB < 0 then (IC = [IA

(2a) If high order byte of right mantissa (IA)) _g 0 then IC;} = IB)

If high order byte of right mantissa (IA;) > 0 and high order
byte of right mantissa (IBj) < 0 then IC; = A

(3a) If not (1a) or (2a) then

(IC = [IA + (IB
IC =1A) + IBy

2. CALL SFLNEG (IA, IC)
IC = -IA,
IC) = |-1A

3. CALL SFLDIV (IA, IB, IC)

If IB(1) * IB(2) = -1 no division takes place, '""DIVISOR ZERO" mes-
sage written.,

(1) f JA< 0, TA; < 0 and (IB < 0 then

UIC =14 / (IB
IC) = IAJ/ IB

(2) I A <0, IA; < 0 and IB; > 0 then
UC = IA / (IB

IC, =14 / IBy

(3) If IA > 0, (IB < 0 then
IC =1A| / IB)
IC = (A / IB

(4) If IA > 0, (IB > 0 then
IC = |IA / IB
IC, =1A / IB

12



(5) If IA < 0, IA] > 0 and |IB < 0 then

IC =1A) / 1B
IQ = 1IA /1B
(6) If IA < 0, TA] > 0 and (IB > 0 then
IIC = (A / IB
IC =1A) / UB

4. CALL SFLSEC (IA, IB, IC)
UIC = (MAX(IA, (IB))
IC = (MIN(1A), IB)))

5. CALL SFLMUL (IA, IB, IC)
(1) TIA<0, 14 <0, IB<O, IB <0
IC = IA, * IB
IC) = IA * (B
(2) I IA <0, IA; <0, IB< O, IB; >0

IC = IA * IBy
IC; = IA * IB

(3) I IA <0, TA >0, IB <0, IB <0
lIC = 1Ay * |IB
I = IA * IB

(4) ¥ IA< 0, IA >0, IB <0, IB > 0

IC = 1A * (B

IC = IA; * IBy
(5) If UA <0, A >0, IB > 0, IB > 0
UC = JA * (IB

IC) =IA * IB
(6) IA <0, 1A >0, IB >0, IB <0
(6.1) Then if IA(6) # 0, "ILLEGAL INTERVAL". Return to MAIN.
If (IB(L + 2)) # 0 write above message. ELSE;

13



HC = IA * IB
I =TA| * IB
(7) 1A <0, 1A <0, IB>0,IB >0
IC = [IA * IB
IC) = 1A * IB
(8) IA<O0,IA <0, IB>0,IB <0
| see (6.1)
(9) IA>0,IA >0, IB <O, I
IC =IA; * |IB
IC, = (A *IB
(10) A >0, IA >0, IBLO, IB >0
IC = IA} * (IB
IC =TA) * IB
(11) A > 0, 1A} > 0, (IB > 0, IB;
lIC = 1A * IB
IC =1IA * IB
(12) A >0, IA >0, IB >0, IB; < 0
see (6.1)
(13) 1A >0, IA <O
(13.1) If IA(6) # 0 write "ILLEGAL INTERVAL." Return to MAIN.
(13.2) If IA(6) = 0 then
(13.3) If IA(L + 2) # 0 then write message in (13.1).
(13.4) ELSE; If |IB < 0, IB < 0 see (9)
If IB < 0, IB; > 0 see (10)
If IB > 0, IB; > 0 see (11)
If IB > 0, IB) < 0 see (6.1)

I

o)
A
=

v
=

6. CALL SFLABS (IA, IC)
(1.0) Sign of [IA (IA(1)) is positive and sign of IA) (IA(2)) is negative
(1.1) If high order digit of |IA (IA(6)) # # - "ILLEGAL INTERVAL"

14



(1.2) If high order digit of |IA (IA(6)) = # and high order digit of
IA; (IA(L + 3)) see (1.1)

(1.3) If high order digit of both |IA (IA(6)) and IA) (IA(L + 3)) are
zero then

UcC = IA
IC) = IA
(2. 0) Sign of (IA is negative and sign of IA) is positive

(2.1) Decimal exponent of IA (IA(4)) greater than decimal exponent
of IA; (IA(5))

IC(4) = IA(5)
IC(5) = IA(5)
IC(1) = 1

IC = ¢

IG = IA

(2.2) Decimal exponent of |IA less than decimal exponent of IA.
IC(1) IC(2) = 1
IC(4), IC(5) = IA(4)
IC = §
IC) = 1A
(2.3) Decimal exponent of {IA = decimal exponent of IA)
(2.3.1) |IA < IA| see (2.2)
(2.3.2) A > IA) see (2.1)
(2.3.3) (IA =1IA see (2.2)

IV. ERROR MESSAGES:

"UNEQUAL LENGTHS'" — The mantissa length of two operands are not
equal. They are made equal by assigning the leng'ths the shortest mantissa to
that of the longest. Operation continues.

"DIVISOR CONTAINS ZERO" — Divisor interval contains zero. No division
takes place. Program continues.

15



"ILLEGAL INTERVAL" — Invalid combination of signs in an interval num-
ber is detected during multiplication or forming of an absolute value. Operation
concerned does not take place. Program continues.

V. RESTRICTIONS
1. The maximum mantissa length is 97,

2. Any combination of subroutine arguments may be identical, except for
subroutine SUMSP.

3. There is no check for underflow or overflow. If a decimal exponent ex-
ceeds 65536 in absolute value during computation, results may be in error.

See Appendix for further restrictions and test cases.

SUBROUTINE NAME: EQUAL

I. LANGUAGE:

Fortran IV Level G or Level H

II. PURPOSE:

The function of EQUAL is to convert a double precision variable to an ex-
tended precision variable array.

ITIT. METHOD:

EQUAL takes a double precision variable X and converts it into an extended

precision variable array IX of dimension L. The number of significant digits is
L-3.

Ex. fX=2.00D0and L =10. IX=|1]10]1]2]0][0]0]0]o0]0]

IV. INTERFACE INFORMATION:

Calling Sequence:
CALL EQUAL (IX, N, X)

16



where: X is a double precision variable. IX is an extended precision vari-
able array. N is the dimension of IX.
V. CALLED SUBROUTINES:

None.

VI. RESTRICTIONS:

1. The converted extended precision number is of the same form as the ex-
tended precision numbers used in FLOP and VOP packages. If the SFLOP pack-
age is being used a call to SUMSP will have to be made to create a SFLOP ex-
tended precision number.

2. The decimal exponent of the extended precision numbers should not ex-
ceed 10778 or 1075,

SUBROUTINE NAME: IEQUAL

I. LANGUAGE:

Fortran IV Level G or Level H

II. PURPOSE:

IEQUAL converts an integer into an extended precision variable array.

III. METHOD:
IEQUAL takes an integer (16 bits) J, and converts it into an extended pre-
cision variable array IX of dimension L. The number of significant digits is

L-3.

Ex. fJ=5and L =10

={1]10{1]5 0 0 0 0 0]IX=.500000x 10"

17



IV. INTERFACE INFORMATION:

Calling Sequence:

CALL IEQUAL (IX, N, JX)

where: JX is an integer (16 bits). IX is an extended precision variable
array. N is the dimension of IX. (N = length of mantissa + 3)
V. CALLED SUBROUTINES:

None.
VI. RESTRICTIONS:

1, Thé converted extended precision variable array is to be used with the
FLOP and VOP packages. If SFLOP package is being used with the converted

numbers SUMSP will have to be called to obtain the correct form for SFLOP
package.

2. Decimal exponent of extended precision number should not exceed 1078

or 1075,

SUBROUTINE NAME: DEQUAL

I. LANGUAGE:

Fortran IV Level G or Level H

II. PURPOSE:

The function of DEQUAL is to convert an extended precision variable array
to a double precision variable.

III. METHOD:

DEQUAL takes an extended precision variable array IX (N) and converts it
into a double precision variable (X).

18



i.e., [1]12]5]1|2(3]45|7]8 |9 [0 |= 12345.7890 or . 123457190 x 10°

(extended precision)

=,123457890D + 05 (double precision)

IV. INTERFACE INFORMATION:

Calling Sequence:
CALL DEQUAL (X, IX)

where: IX is an extended precision variable array. X is a double precision
word.

V. CALLED SUBROUTINES:

None.

VI. RESTRICTIONS:

None.
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APPENDIX

RESTRICTIONS:

1. More time is required when processing extended precision numbers as
opposed to double precision or integer numbers.

2. These programs are not on any existing library and the user will have to
secure desired decks from GSFC library to use them.

3. Numbers have to be either defined in the users program in the extended
precision form or converted into extended precision numbers by means of the two
conversion programs EQUAL and IEQUAL.

4. Only the basic arithmetic functions are performed in these packages.

No trigonometric functions are available.
SAMPLE TEST CASES:

1. Test case #1 illustrates the use of all the extended precision subroutines

and conversion programs available to the user. The coding and output is shown.

(p. 21-28)

2. Test case #2, part of a system written by Dr. Paul Beaudet, illustrates
a program coded without extended precision subroutines and with them.

SIMQ is the subroutine using only double precision numuers. (p. 29)

ESIMQ is the subroutine utilizing some of the extended precision subroutines.
(p. 30)
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LEVEL 20.1 (AUG 71)

ISN
ISN
ISN
ISN
ISN
ISN
ISN
13N
ISN
ISN
ISN
ISN
ISN
ISN
ISN
KSN
ISN

ISN-

ISN
ISN
ISN
1SN
ISN
1SN

1SN
ISN
ISN
ISN
ISN

ISN
ISN

ISN
" 1SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

QC0z
000z
00C4
0cCCs
0Qce
0CC?
QcCce
0CCs
0o1¢
0011
001z
0612
0014
0018
[ 13 ¥
0017
001e
001s
Qcag
00z1
002z
0022
8Cz4
c02¢
0Cze¢
0027
002¢&
0g02s
0030
00z1
003z
0032
0034
003¢
003¢
0037
003¢
003$
0040

—

) NO\T REPRODUC,B'LE“'/

0S/360 FORTRAN H

CONPILER OPTIONS = NAME= MAIMOPT=02,LINECAOT=58¢SIZE=0000K,

ann0OcAON

0041

004z
Qca:z
0044
004%
004¢
0C4?

SOURCE +EBCDIC ¢ NOL IST o NODECK s LOAD s MAF s NCEC 1T o 109 XREF
CRIVER FOR EXTENDED PRECISICN FACKAGES:

THERE ARE THREE PACKAGES

le FLOP-RACKAGE DATE 72.089/16411.13
Ze SFLOPwPACKAGE,

Ze VOP-RACKAGE

IMPLICIT REAL#8 (A=~HsP—=Z)e INTEGER#2 (I-N)
INTEGER*2 IA(200),184200).+1C(200)
CCMMGN Xx(600)
L1=1
L2=2

3=3
M=128
N=25
€10=10
L12=17
L17=17
1A(1) =1 ‘
1A(2)=80
1a¢3)=1
IA(4)=3
1A(5)=1
1A(6)=4
1A(7)=1
1A(8)=5
I1A(9)=9
1A(1C) =2
IA(11)=6
1A(12)=5
1A€13)=3
1A(14)=5
1A(15)=8
1A(16)=6
1A017)=7
1A(18)=%
1A(15)=3
1A(20)=2
1A(21)=3
1A(zz)=8
1A(23)=46
1A(24)=6
1A(z8)=2
1A(z€)=6
1A(27)=4
1A(2€)=3
1A(26)=3
IA(30)=8
1A(z1)=3
IA(32)=2
1AL332)=7
1A(34)=9
IA(38)=5
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ISN
ISN
ISN
ISN
ISN
ISN
LSN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ESN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISi
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
iISN
ISN
ISN
ISN
ISN
ISN
ISN
1SN
ISN

0Cac
004s
o] 53]
00¢s1
00cz
Q0¢c:
00c4
goce
“Q00cE
6¢Cs57
005¢€
0CSs
Qce60
00¢€1l
' 00€z
aQez
Q0¢4
0QEs
006¢
acs7
OCVEE
0C€sS
go7¢
0071
007z
0073
0074
gC7¢
0Q7¢
0077
GC7¢
9C7s
gosac
0081
00Ez
ages
0Ce4
CCEE
GGEC
00e7
0CBE
acss
gCscC
egs1
00S =z
00¢s23
Gas 4
0Cs €
ggse
0087

00sS €&

6ass
0106
0101
010z
0102

IA{3&)=0
IA(37)=2

"IA{3E)=8

1A(3S)=8
IA(4C)=4
1A(41)=1
IA(42)=9
IA(43)=7
IAT347)=1
1A(45)=6
IA{46)=9
I1A(4%)=3
IA{48)=6
IA(4S)=9%
IA({S0)=3
IA(S1)=7
IA(2Z)=5
IA(S3)=1
1A(54)=0
1A(8€)=5
IATS5€)=8
LA{S?7)=2
-TA{S5€E}=0
1A(59)=9
IA{60}=7
IA(6i)=4
1Al62)=9
JAL(E3) =4
IA{E4)=4
IA(6€)=S
IA(66)=9
IA(67)=2
iAl68)=3
1AL6S2=0
FA(70)=7
IA{71)=8
{AL7E)=1
LA(732=6
LAE78)=4
LA{7E}=0
IA{(7€D =6
1AL72)=2
IAL7ED)=8
IA(79)=6
jagBGI=2
IA{81}=0
1A(EZz)=¢E
IA(EZ)=S$
IA{E4}=9
iIA{8E)=8
IA{EE D=6
1Aa{813=2
IAf{BED=8
IA(8S)2=0
1A(98)=3
IA{(Q1)=4¢
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ISN
ISN
ISN
LSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
1SN
iSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

- ISN

"ISN
ISN
ISN
ISN
ISN
ISN
ISN

" ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
1SN

0104
010¢
010¢
0107
G1CE
010s

0110

o111
gliz
0113

0114 -

011¢
0116
0117
g11e
o11s
0120
0121
01z:
0122
0124
o12¢
01z¢
0127
012¢
012¢
0130
0131
013z
013z
0134
013¢
013¢
0137
013¢
0139
0140
0141
014z
0142
0144
014¢
O14¢
0147
014E
0145
01s¢
01¢1
01tz
01£2
01%4
015¢
015¢
0157
01€¢
015¢

1A(92)=8
1A(S2)=2

IA(94)=5

1A(S$E)=3

1A(96)=4

IA(S$7)=8

TA(SE)=2

.A2=2 .ODO

LK=8C

CALL EQUAL (IBsLKeA2)
MRITE(6.,117) A2
WRITE(6+121)

CALL FLOGQUT(IA)
MRITE(69100)

CALL FLGUT(IB)

CALL FLADD (1A IB+1C)
MRITE(60101)

CALL FLOUT(IC)

CALL FLSUB(IA.18,IC)
MRITE(6+102)

CALL FLOUT(IC)

CALL FLMUL (1A1B,41C)
WRITE(6.103)

CALL FLOUT(IG)

CALL FLDIV(IALIB,IC)
MRITE(6,104)

CALL FLOUT¢IC)

CALL FUMSP (1A +IC)

CALL SUMBP(IASIC.L2,42)
CALL SUMBP(IA+IBsL24L1)
CALL SFUMSP(IA.IBX
WRITE(6,10)

CALL SFLOLT(IA)
WRITE(64+100)

CALL SFLOLT(LB)

CALL SFLNEG(IE.IHB)
CALL SFLADD(GIA.IB,1C)
WRITE(6,102)

CALL SFLOLTCIC)

CALL SFLNEG(IEs1H)

CALL SFLADD(IAIBsICA
MRITE(64+101)

CALL SFLOLTC(IC)

CALL SFLMUL(IA,I84IC)
SRITE (€,103) .
CALL SFLOUT(IC) N
CALL SFLABS(168,18)
WRITE (65105)

CALL SFLOUT(IB)

CALL SFLBEC(IA.IB.IC)
WRITE (641C6)

CALL SFLOLT(IC)

CALL SFLNEG(IEIB)
CALL SUMSP(IASICsL1sb1)
CALL SUMSP(1BelAsklall)
CALL VUMSP(IC+1B) )
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ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
IS
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0160
Olel
01€z
01¢€2
01¢€4
01l€¢
01€¢
0167
016E
016$
017v¢
0171
0172
0173
0174
¢17¢
017¢
0177
0178
017¢
o18¢
o181
0182
01€3
01l€e
O1E¢
01E€
0187
clee
018$
0199
0151
0162
0192
01¢4
016¢E
G15¢€
G157
o1s¢e
0199
020¢
0zo1l
0202
0202
0204
020¢
02Ceé
0207
0zCE
0z0¢
0z190
0z11
0ziz
gai:
0z14
0z1¢€

0z1¢€
0z17
0z1le
0219
0z20
0zz1
0222
02z:2
6224

e

0zz¢

10
11

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118

11$
120
121
122
123
124
127
128

CALL DEQUAL(AA,]A)

CALL OEQUAL (ARB,IB)
WRITE(6,128) PAGE 0C»
SRITE(6,123)

CALL FLOUT(1A)
WRITE(64100)

CALL FLGUT(IB)
WRITE(6,127) AALAB

CALL IEQUAL(IA.L12,M)
CALL IEQUALAL(IEB,L124+N)
ARITE(6,118)
WRITE(6,124) NN
MRITE(64122)

CALL VLOUT(IA)
WRITE(6,100)

CALL vLOUT(LB)
WRITE(6.,101)

CALL VADD(IA.IBeIC)

CALL wLQUT(IG)

CALL VvSuB(IA:1IB.IC)
BRITE(64102)

CALL VLCUTCIC)

CALL VvMULT(IASIB.IC)
WRITE(6,103)

CALL wLOLT(IC)

CALL VDIV(IA,IB.,IC)
SRITE(6,104)

CALL wLGUT(IC)

CALL VvIMAL({L2,IA»1IC)
MRITE(E+107)

CALL VwLOUT(IC)

CALL VGTI(L3,L17,L10,iC)
WRITE(6.10€)

CALL vLaLT(1IC)
FGRMAT('15-PACKAGE '/ '0J A )
FCRMAT(1F—=PACKAGE*/*'01Ar)
FORMAT( %1 V-PACKAGE*/*01A)
FORMAT('01B°)
FCRMAT(*OIA ¢ IB*)
FCRMAT(*0IA - 1B')
FCRMAT('0IA * IB*)
FGRMAT(°0IA / 1B°)

FORMAT(®0ABS(IB) )SFLABS ')
FORMAT(0IA ISEC ABS(1i8) )SFLSLC *)
FORMAT(*02 % IA yVIMAL )
FLRMATI{*Q3/i7 IVGTL )

FORMAT(*QIB+I1E"*)

FLRMAT(°0LIB/1AY)

FGRMAT(®QIA%*1Ar)

FORMAT(*QIA/LAY)

FORMAT(OILA+IA)

FCRMAT('0IB-1A")

FCRMAT('01B*1IE")

FORMAT('0IB/1B*) .
FCRMAT(®1DOUBLE PRECISICAN TG EXTENDECL PRECISICN®/°0A2= *4D16.E1)
FORMAT(°3 INTEGER-TO-EXTENCED FRECISICN®')

FLRMAT(0LE~-1B®) ’ PAGE 005
FORMAT(*0S-PACKAGE"'/'01A")

FCRMAT(*OF~-PACKAGE*/'01A*)

FORMAT(°OV-PACKAGE*/7*01 A*)

FGRMAT(%GIA")

FLRMAT("OM= *417s% h= ',4i7)

FORMAT(*QAA= °'D16eB+* AB= *,016.8)

FORMAT(®IEXFENDED PRECISIGN FO DEUBLE PRECISION®)

£T0P

END
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INTECER-TO-EXTENDELS PRECISICN

M= 125 N=
Vv=PACKAGE
1A

(E 3)el2c€0

I8

IA ¢ IE
(E  2).1500
IA - 1E

(E  3).10C0
IA * IE

(E 4).3100

3717

(E G)e17€470
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LEVEL 19 ( JUNE 70 ) 0S7360 FORTRAN H

COMPILER COPTIONS - NAME= MAINsOPT=00,LINECNT=58,SIZE=Q000K,
SOURCE +EBCDICoNOLIST ¢ NODECK + LOAD ¢ MAP, NOEDIT, ID 4 XREF

ISN 0002 SUBROUTINE ESIMQ (IBsIA.ID«NEsKS,NN)
ISN 0003 INTEGERS2 [8S(25200) «IAS(1260),IX{1260)+ IXSAVE{1260),1I8(1).1A(1),
1ID(1).1S(63),I5S(63)
ISN 0004 INTEGER*4& INE(20)
ISN 0005 DOUBLE PRECISION S0.5 DATE 72.017/08.38.07
ISN 0006 DO 12 I=1.NE .
ISN 0007 12 INECI)=NNS(I-1)+¢1
ISN 0008 1Z=0
ISN 0009 NE2=NE**2
ISN 0010 $0=1.070
ISN 0011 I TCH=0
ISN 0012 ITCHES=3
ISN 0013 ) IF(NE.GT.25) GO TO 1
ISN 0015 DO 3 I=1.NE
ISN 0016 TI=NNS(LI-1) ¢}
ISN 0017 CALL IEQUAL (IX(IT)eNN,12Z)
ISN 0018 3 CALL FUMSP (IA(I1).1AS(II))
ISN 0019 8 DO 2 I=1,.NE2
ISN 0020 TI=NNS(1-1)+¢1
ISN 0021 2 CALL FUMSP (IB(II).IBS(II))
ISN 0022 CALL ESIMEQ(IBS +IAS,IDsNEJKSNN)
ISN 0023 IF{KS.EQ.1) RETURN
ISN 0025 DO 4 I=1,.NE
ISN 0026 II=NN&(I-1)e¢}
ISN 0027 4 CALL FLADOD (IXCII)GIASCII)LIXCII))
ISN 0028 DO S 1=1.NE
ISN 0029 DO 6 J=1NE
ISN 0030 INDE X=(J=1)®&NE+I
ISN 0031 LI=NNS(INDEX~1)+1
ISN 0032 JISNNS(J=1)+1
1SN 0033 6 CALL FLMUL (IB(II).IX(JJ)eI1AS(II))
ISN 0034 S CALL ISUM (IBS+I+IASINE.NE)
ISN 0035 CALL TEQUAL (ISeNN.12)
ISN 0036 $5=0.00
ISN 0037 DO 7 i=1.NE
ISN 0038 [I=NNE(T-1)+1L
ISN 0039 CALL FLSUB (IA(I1).IBS(EI) IAS(II))
ISN 0040 CALL FLMUL (IASCII)oIAS(II),ISS)
ISN 0041 7 CALL FLADD(IS.ISS,IS)
ISN 0042 CALL DEQUAL (5.1S)
ISN 0043 IF{SeLTeS0) GO YO 9
ISN 0045 ITCH=I TCH+1
ISN 0046 IF(ITCHaLT.ITCHES) GO TO 8
ISN 0048 DO 11 I=1.NE
ISN 0049 II=NNS(I-1)4)
ISN 0050 11 CALL FUMSP (IXSAVE(II).IACII))
ISN 0051 RE TURN
ISN 0082 9 D0 10 I=1+NE
ISN 0053 II3NNe(I-1)+1
ISN 0054 10 CALL FUMSP (IXC(IL).IXSAVE(II))
ISN 00SS $0=$
ISN 0056 I1TCH=0
ISN 0057 GO TO 8
PAGE 002
ISN 0058
ISN 0059 25 Egalﬁr‘?=28iu2§§iaﬁ OF B8S MUST BE INCREASED TO®,14.°* AND AS, X TO*
1,13¢% IN SUBROUTINE SIMa*)
ISN 0060 RE TURN
ISN 0061 END
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